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Available online 19 November 2008AbstractA circular hole was discovered on the downstream side of a glacier dam in the Yatude Valley, Langhovde, East Antarctica,
during the 2005e2006 austral summer. The opening of this hole is the first opportunity enabling us to observe the interior of the
dam. The opening led to a large cave in the dam, raising the possibility of meltwater drainage through the dam. The Yatude Valley is
an approximately U-shaped fluvial valley. The valley floor has been incised to form a box-shaped inner valley that contains fluvial
terraces and large boulders upon the valley floor. The origin of these features can be explained by a large amount of running water;
however, we consider it unlikely that a regular current has flowed through this site for a long period. Instead, it is more likely that
large quantities of lake water have been periodically discharged due to collapse of the glacier dam or spilling out through a tunnel
channel within the cave. The discovered hole and the ice cave are key features in understanding the historical development of the
Yatude Valley in relation to the melting history of the Antarctic ice sheet.
 2008 Elsevier B.V. and NIPR. All rights reserved.
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In the upstream area of the Yatude Valley, Lan-
ghovde, East Antarctica (Figs. 1 and 2), a circular hole
was identified on the downstream side of a glacier dam
(Fig. 3A) during the 2005e2006 austral summer field
research season of the 47th Japanese Antarctic
Research Expedition (JARE). Given that the glacier
dam is a significant feature in this region, where
geoscientists have been exploring since JARE was* Corresponding author. Tel.:þ81 11 706 2222; fax:þ81 11 706 2223.
E-mail address: sawagaki@ees.hokudai.ac.jp (T. Sawagaki).
1873-9652/$ - see front matter  2008 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2008.10.002established 50 years ago, it must have been known for
a long time, yet this paper marks the first time such
a hole has been reported. The hole enabled the interior
of the glacier dam to be explored, revealing a large
space extending within the dam (Fig. 3B).
The existence of the hole and the size of the asso-
ciated cave strongly suggest the possibility of melt-
water drainage through the dam. Thus, these are key
features in terms of changes in lake level upstream of
the dam, and the historical development of landforms
in the valley downstream of the dam. This article
describes the ice cave and considers the geomorpho-
logical significance of this finding.reserved.
Fig. 1. Location of Langhovde in Dronning Maud Land, East Antarctica. The base map is a slope distribution map of Langhovde, from Hirakawa
et al. (1984). The rectangles indicate the areas shown in Figs. 2 and 4. The arrows indicate the end points of the cross-section in Fig. 5.
288 T. Sawagaki et al. / Polar Science 2 (2008) 287e294
N500
Glacier Dam
Yatsude Valley
Yukidori Valley
MT2
MT1
MT2’
0 1500 m10005001500 1000
1000
2000
3000
4000 m
0
100
200
300
400
500 m asl
Glacier Lake Heito Glacier
Areas of Geomorphological 
Processes
glacial
fluvioglacial
marine
periglacial
rock fall
garnet gneiss and garnet-bearing granitic 
gneiss
hornblende gneiss and pyroxene gneiss
garnet-biotite gneiss, porphyroblastic 
gneiss and microcline granite
lake
snow and ice
Lithology
Morphography and Morphometry
axes of convex slope
axes of concave slope
steps and cliffs < 100 m
steps and cliffs >100 m
hillocks
depressions
Sea Sea Sea
Yotsuike Valley
Fig. 2. 3D geomorphological map of central Langhovde (modified from Hirakawa et al., 1984). Elevation data were collected in a mesh interval of
50 m from the topographic map of Langhovde (1:25,000, Geographical Survey Institute of Japan, 1994). Vertical exaggeration is about 1:1.5.
Greenish colors indicate areas affected by fluvioglacial processes. Yellowish and brownish colors indicate bedrock (mostly gneiss). MT1, MT2
and MT20 are marine terraces at the mouth of the Yatude Valley. For a detailed legend, please refer to the explanatory text in Hirakawa et al.
(1984). See Fig. 1 for location.
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2.1. Description of the glacier dam and ice cave
The Yatude Valley is a rectilinear valley situated
within an ice-free area along the Soya Coast, on the
eastern flank of the East Antarctic ice sheet (Figs. 1, 2,
and 4). At about 2 km upstream from the point where
the valley enters the sea, an ice body crosses the valley
from east to west, forming a glacier dam. The dam lake
(Fig. 3C) is fed by seasonal meltwater from a smalloutlet glacier (Heito Glacier) that forms part of the ice
sheet. The difference in elevation between the lake
surface and the downstream riverbed is about 100 m
(Fig. 5). Photographs taken on 19 October 2005
(Fig. 6A) show no hole in the glacier dam, indicating
that it formed during the 2005e2006 summer.
The near-circular hole (Figs. 3A and 6B) is about
6 m in diameter and is located about 10 m above the
riverbed (Fig. 5). The ice at the bottom of the hole is
incised to form a narrow gully of about 3 m in depth,
which enabled us to enter the cave without the need to
Fig. 3. A: Circular hole on the downstream side of a glacier dam in the Yatude Valley. B: Large cave developed in the glacier dam. C: Lake
developed behind the glacier dam. D: Conduit-like hole on the lake side of the glacier dam.
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that a certain amount of meltwater has spilled from the
cave subsequent to 19 October 2005.
The ice cave is about 10 m in width and 50 m long
(Fig. 3B). Upon entering the cave, we found that the
ice face on the downstream side of the glacier dam
forms an ice wall of less than 1 m in thickness, and that
this wall oppilates the outlet side of the cave. It is
therefore logical to assume that the hole developed as
a result of collapse of the thinnest part of this ice wall
subsequent to 19 October 2005, although we consider
that the ice cave is much older than the hole.Fig. 4. Stereo pairs of aerial photos of the Yatude Valley and surrounding r
1993 as part of JARE32. See Fig. 1 for location.The walls of the cave consist of vertical walls of
bedrock, and the ceiling is glacier ice. A number of
blocks of ice are found upon the cave floor, covered with
snow drifts that blew in through the hole. The height
from the cave floor to the ceiling is about 15e20 m.
There exists a conduit-like hole on the lake side of
the dam (Fig. 3D), but we were unable to confirm
a direct connection between the cave and the lake
because the innermost part of the ice cave is blocked
by large pieces of collapsed ice.
Although we did not measure the absolute altitude
of the lake surface, shoreline displacement is visuallyegion (C32AV-2, C29-13 to C29-15). The photographs were taken in
Fig. 5. Longitudinal cross-section along the Yatude Valley. See Fig. 1 for location.
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a notable change in lake shape nor significant ablation
of the glacier dam since aerial photos were taken in
1993 (Fig. 4) and a topographic map of the area wasFig. 6. Photographs of the downstream side of the glacier dam in the
Yatude Valley. A: Photograph taken on 19 October 2005 by
M. Kobayashi (JARE46). B: Photograph taken on 22 October 2006
by T. Sawagaki (JARE47).compiled in 1994. Consequently, it is unlikely that
significant discharge occurred from the lake during the
summer of 2005e2006, although the existence of
the narrow gully at the bottom of the hole raises the
possibility that some water was discharged from
the hole at this time.
2.2. Valley features downstream of the glacier dam
Downstream of the glacier dam, the walls of the
Yatude Valley are almost vertical, defining a U-shaped
valley (Figs. 2, 6, and 7), indicating a glacial origin.
The valley floor is itself incised to define a narrow box-
shaped sub-valley; thus, a cross-section of the valley
shows two steps incised into bedrock on each side of
the valley (Hirakawa et al., 1984; Sawagaki and
Hirakawa, 2002). The sidewalls in the ice cave
continue into the lower part of this two-step structure,Fig. 7. Photograph of the Yatude Valley (view to the west.), showing
its geometry as a U-shaped valley cutting deeply into bedrock by
between several tens of meters to more than 100 m. The bottom of
the U-shaped valley is itself incised in a narrow, box-like shape.
292 T. Sawagaki et al. / Polar Science 2 (2008) 287e294indicating that the ice cave is similar in age to the
lower valley.
Close to the river mouth, the valley widens, and
a flat riverbank is developed. The riverbed consists of
well-rounded gravel and boulders up to 2e3 m in
diameter, levees of several meters in height, and a flat
alluvial plain. The gravelly riverbed surface continues
to two remarkable marine terraces at the mouth of the
valley (Figs. 2, 4, and 5). These benches have eleva-
tions of 18 m asl (MT1) and 11 m asl (MT2), and
consist of gravelly sediments covered by shallow
marine sediments. Conventional 14C ages obtained for
fossil shells in the terraces are 6810 60 14C yr BP for
MT1 and 5070 60 14C yr BP for MT2 (Miura et al.,
1998). Calibrated 14C ages are 6638e7005 cal yr BP
for MT1 and 4567e4968 cal yr BP for MT2, as
calculated using the program Calib Rev 5.0.1 using
INTCAL04 (Reimer et al., 2004), and using 834 135
years as a marine reservoir correction (the trimmed
mean value of pre-nuclear marine samples obtained
from 60S in the marine reservoir correction database;
Reimer et al., 2004). On the far side of a small inlet at
the mouth of the valley, a wider terrace (MT20) occurs
at the same altitude as MT2.
These topographic data suggest that significant
amounts of water have flowed through this valley and
into sea at several times in the past, sufficient to
transport the large boulders observed in the riverbed;
however, the low precipitation recorded in this area and
short duration of seasonal melting suggest that melt-
water drainage is relatively minor in this valley, both in
terms of duration and amount. In fact, no meltwater
stream is recognized within the current riverbed
through the year, except for some puddles and a small
amount of underflow beneath the gravels. It is therefore
unlikely that a regular current has ever been sustained
in this valley for a significant period.
The horizontal discontinuity between the benches
MT1 and MT2 and the wider terrace (MT20) suggests
that gravelly sediment has been eroded by floods,
leaving the two small terraces at the mouth of the
valley.
3. Discussion
3.1. Recent climate conditions
Fig. 8 shows monthly mean air temperatures in
summer (December and January) at Syowa Station,
situated approximately 35 km north of the study site
(Fig. 1). There is no clear trend in summer air
temperature over the past four decades, and nosignificant warming was recorded during the summer
of 2005e2006 when the hole was discovered. There is
therefore no obvious meteorological explanation for
the development of the hole.
Sone et al. (2007) reported that a glacier lake
outburst flood occurred on James Ross Island, in the
Antarctic Peninsula region, during the 2004e2005
austral summer, triggered by an overflow of lake water.
Given the recent rapid warming of the climate in the
Antarctic Peninsula (Vaughan et al., 2003), Sone et al.
predicted that further glacier lake outburst floods are
likely in the region.
NASA’s QuikScat satellite revealed the develop-
ment of extensive areas of snowmelt in West Antarc-
tica during January 2005 in response to warm
temperatures (Nghiem et al., 2007). This event repre-
sents the first widespread Antarctic melting detected by
satellite, and is the most significant melting event of
the past three decades. This result also indicates that
anomalous melting occurred on the ice sheet in the
area up-flow of the glacier dam at Langhovde.
Because the melting events described above
occurred 1 year prior to the appearance of the hole in
the glacier dam, a direct causal connection remains to
be established; however, it must be noted that QuikScat
revealed intense snow melting in the vicinity of the
study site. This melting had the potential to feed
meltwater into the lake, and the warming may have
influenced the ablation of the glacier dam itself. It is
possible that in response to the abrupt melting of snow
on the ice sheet detected in 2005, the lake reached
a critical level in 2006, sending overflow through the
cave. An aerial photograph taken in 1993 (Fig. 4)
reveals no clear difference in the lake shoreline
between 1993 and 2006 (after the appearance of the
hole); consequently, we suggest that the lake level rose
slowly (or by a small amount) since the 1990s, until it
reached a critical level.
3.2. Historical development of the Yatude Valley
As stated in Section 2.2, it is unlikely that a regular
water current has flowed within the Yatude Valley for
long periods in the past: it is more likely that water
flow has occurred as episodic discharge of large
quantities of water. Based on this supposition, we
propose the following two models of abrupt fluvial
action through the Yatude Valley.
In the first case, at times when the ice sheet
extended further toward the shore than that of the
present day, a continuous subglacial tunnel might have
existed, through which water was discharged from
Fig. 8. Monthly mean summertime air temperatures when the mean air temperature is above the freezing point (December and January, since
1969) at Syowa Station, situated approximately 35 km north of the study site.
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was possibly transported subglacially at such times,
forming the gravelly riverbed observed today. The
low-level box-shaped valley and the vertical sidewalls
of the ice cave are possibly remnants of this conduit.
In the second case, even after the ice sheet had
retreated to the present position, there existed the
possibility that a sudden drainage event might have
occurred following the collapse of the glacier dam, or
that outflow occurred through a conduit within the cave,
leaving the ceiling of ice. In such a case, the observed ice
cave would have acted as a subglacial spillway through
which the lake water was evacuated downstream.
Although there exists no convincing evidence with
which to judge the plausibility of these cases, they are
not mutually exclusive. A minimal interpretation is that
the levees and the erosional alluvial surface observed
on the present valley floor, in combination with the two
dated terraces at the river mouth, strongly suggest that
sudden drainage events occurred prior to 6.8 ky BP or
within the interval 5e6.8 ky BP. The unresolved issues
are the timing of the beginning of such a drainage
event, and the origin and historical development of the
Yatude Valley itself.
In this context, a wider view of the region is
required. For example, in addition to the Yatude Valley,
several remarkable fluvial landforms appear to have
formed in Langhovde in association with melting of
the ice sheet. Such landforms are especially clearly
developed along the Yukidori and Yotuike valleys
(Figs. 2 and 4), where fluvial erosional landforms and
related sediments are found. The Yotuike Valley is
characterized by an extraordinarily narrow and deep
gorge that incises 80 m into basement rock. The gorge,
in contrast to surrounding gently mammillated slopes,
connects four small depressions along a linear trend.
Sawagaki and Hirakawa (2002) considered that thisremarkable down-cutting was associated with an
extreme volume of running water. They also hypothe-
sized that the entire ice-free area along the Soya Coast
once experienced erosion due to meltwater within
a subglacial and proglacial environment (Sawagaki and
Hirakawa, 1997, 2002). The authors argued that
subglacial meltwater events could have led to the
topographic development of undulating hills and small
erosional marks known as s-forms (Kor et al., 1991;
Sawagaki and Hirakawa, 1997; Shaw, 1988). They
proposed that proglacial fluvial action would have led
to the formation of box-shaped valleys, fluvial terraces,
and the deposition of large boulders during ice retreat.
The existence of the ice cave described in the present
study provides evidence in support of their arguments.
A number of lakes have recently been confirmed
beneath the Antarctic ice sheet (Siegert et al., 2005);
indeed, water within the subglacial lakes appears to
move, forming a channel network under the ice sheet
(Wingham et al., 2006). Such channels possibly reach
the margin of the ice sheet, where they would discharge
subglacial meltwater into the sea; such a supply of fresh
water to the ocean might influence global climate
change. Although the spillway in the Yatude Valley
occurs at a smaller scale than these subglacial channels,
the present-day ice-free areas provide useful evidence
in reconstructing the melting process of the ice sheet.
3.3. Further study
If past floods were accompanied by the develop-
ment of a hole in the glacier dam, as described in this
study, we must also consider a mechanism by which
such a hole would close. This issue requires further
cryospheric research, which is beyond the scope of this
article. The hole should be considered as a precursor of
an imminent flash flood from the dam lake through the
294 T. Sawagaki et al. / Polar Science 2 (2008) 287e294cave, especially in relation to Antarctic warming.
Thus, careful and continuous monitoring of the glacier
dam and lake level change is strongly recommended.
4. Conclusion
A circular hole was identified on the downstream
side of a glacier dam in the Yatude Valley, Langhovde,
East Antarctica, during the 2005e2006 austral
summer. This is the first documentation of such
a feature during the 50-year history of JARE.
A large ice cave is currently developing within the
glacier dam, possibly acting as a subglacial spillway
through which the lake water was evacuated down-
stream in past events. Such sudden drainage events
may have occurred in this valley prior to 6.8 ky BP or
during the interval 5e6.8 ky BP.
Although no significant warming has been observed in
this region over the past four decades, recent satellite
observations suggest anomalous melting of the ice sheet
near the study site 1year prior to the appearanceof thehole.
The hole and associated ice cave are key features in
understanding the historical development of the Yatude
Valley in relation to the melting history of the ice sheet.
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